2. Dal Maso L, Franceschi S. Hepatitis C virus and risk of lymphoma and other lymphoid neoplasms: a meta-analysis of epidemiologic studies. Background: The purpose of this article was to study the association of human papillomavirus (HPV) with clinical outcomes in patients with recurrent or metastatic squamous cell carcinoma of the head and neck (SCCHN).
positive versus p16-negative patients (P = 0.027). After adjusting for other covariates, hazard ratio for OS was 2.69 (P = 0.048) and 2.17 (P = 0.10), favoring HPV-positive and p16-positive patients, respectively. The other unfavorable risk factor for OS was loss of ≥5% weight in previous 6 months (P = 0.0021 and 0.023 for HPV and p16 models, respectively).
Conclusion: HPV is a favorable prognostic factor in recurrent or metastatic SCCHN that should be considered in the design of clinical trials in this setting.
Clinical Trial Identifier: NCT01487733 Clinicaltrials.gov.
Key words: human papillomavirus, head and neck cancer introduction Squamous cell carcinoma of the head and neck (SCCHN) affects ∼550 000 patients worldwide annually [1] . An increasing subset of SCCHN, in particular oropharyngeal cancers, are associated with human papillomavirus (HPV) infection, especially among younger patients who do not have a significant history of tobacco and alcohol use [2] . HPV status may be evaluated in archival tumor specimens by in situ hybridization (ISH) [2] . High concordance between HPV status as assessed by ISH using wide-spectrum probes and HPV16 E7 PCR and their agreement with high levels of HPV16 sequence reads has been previously reported by our group [3] . Positive tumor p16 immunohistochemical (IHC) staining has been identified as a viable surrogate for functional HPV infection for tumors arising in the oropharynx [4] [5] [6] . HPV has emerged as an important prognostic factor in locally advanced SCCHN [7] . Several analyses of prospective clinical trials, including cooperative group trials E2399 and RTOG 0129, have consistently demonstrated a survival benefit for patients with HPV-positive versus HPV-negative oropharyngeal cancers treated with chemoradiotherapy [8] [9] [10] [11] or surgery with or without postoperative radiotherapy for locally advanced SCCHN [12] . The prognostic significance of HPV in the recurrent/metastatic disease setting remains unknown.
In order to learn more about the potential prognostic role of p16 and HPV status among patients who underwent treatment for recurrent/metastatic SCCHN, we studied tumors obtained from patients who were treated on recent Eastern Cooperative Oncology Group (ECOG) trials of first-line chemotherapy in recurrent/metastatic SCCHN.
patients and methods

patient selection
We selected patients from two ECOG clinical trials of first-line treatment in recurrent/metastatic SCCHN. ECOG protocol 1395 (E1395) was a randomized phase III trial that compared the combination of paclitaxel and cisplatin with a standard cisplatin and 5-fluorouracil (5-FU) regimen [13] . A total of 204 patients were analyzed on this study (NCT01487733 Clinicaltrials.gov), which showed no statistically significant difference in response rates or survival between the two regimens. The response rate was 29.8% versus 26.0% and the median overall survival (OS) was 8.1 versus 8.7 months in cisplatin/paclitaxel versus cisplatin/5-FU. Tumor samples from 124 patients on E1395 were accessible in the ECOG tumor repository.
E3301 was a phase II trial of docetaxel and irinotecan in recurrent/metastatic SCCHN that was recently reported [14] . 
HPV and p16 in tumor tissue
For p16INK4 ( p16) immunohistochemical (IHC) staining, 5 μm sections were de-paraffinized, antigen retrieval was carried out using heat-induced epitope retrieval with 10 mM citrate buffer and tissue sections were incubated with a mouse monoclonal antibody against p16 (MTM Laboratories, Westborough, MS) at a 1:500 dilution. The p16 antibody was visualized using the avidin-biotin-peroxidase technique (LSAB* Kit, DAKO Carpenteria, CA). Staining was considered positive if a strong and diffuse staining of more than 80% of tumor cells was present and scored as negative if absent or focal. Tumor HPV status (presence versus absence) was determined by ISH as previously reported [3, 15, 16] . HPV DNA was detected in tumors by use of the ISH catalyzed signal amplification method for biotinylated probes (Dako, GenPoint). Briefly, tissue sections underwent deparaffinization, heat-induced target retrieval and digestion with Proteinase K (Roche Diagnostics, Indianapolis, IN). Slides were hybridized to a biotinylated, wide-spectrum HPV probe that targets HPV types 6, 11, 16, 18, 30, 31, 33, 35, 45, 51 and 52 (Code Y1404, DAKO). One positive control slide, a known HPV + tumor probed with the wide-spectrum HPV probe, and one negative control slide, the same HPV+ control tissue probed with non-specific DNA probe, were included in each series of hybridization and processing reactions. After low and high stringent wash, DAKO TSA System Kit (K0620) was used for signal amplification. Slides were scored as positive for HPV ISH + if a punctate signal specific to tumor cell nuclei was present. An H&E-stained slide was concurrently reviewed to confirm the presence of the tumor in the specimen.
statistical methods
The primary end point was objective response. OS and PFS were also explored as secondary end points. Patients were classified into two categories based on their biomarker status: HPV ISH tumor status (negative versus positive) and p16 expression (negative versus positive). Fisher's exact test was used to compare categorical patient characteristics between groups and to examine the association between the dichotomized biomarkers and treatment response. The Kaplan-Meier estimates of the survival end points according to biomarker status were calculated. The log-rank test was used to examine the association between the biomarkers and the survival end points. Further, logistic regression and Cox's proportional hazards models stratified by primary tumor status and ECOG performance status (stratification factors in E1395) were employed to assess the association of the biomarkers with clinical end points after adjusting for other covariates, i.e. treatment (cisplatin/5-FU versus cisplatin/paclitaxel versus docetaxel/irinotecan), primary site (oropharynx versus larynx versus other), weight loss in previous 6 months (≥5% versus <5%), prior radiotherapy (yes versus no) and cell differentiation (well/moderately differentiated versus poorly differentiated versus other) [14] . Due to the small sample size of the study, these analyses were considered exploratory. Figure 1 ). The concordance between p16 and HPV ISH results was high; of 65 patients with available p16 data, 52 were both HPV ISH and p16 negative (80%), 11 were both HPV ISH and p16 positive (17%) and only one oropharynx tumor was p16+ yet negative for the high-risk HPV strains tested with the broad-spectrum probe we employed; one p16− case did not have tissue available for HPV analysis. The proportion of larynx cancer was significantly lower in HPV ISH+/p16+ patients compared with HPV ISH−/p16− patients (0% versus 38%, P = 0.02), higher proportion of HPV ISH−/p16− patients received prior radiotherapy (92% versus ∼65%, P < 0.04), and HPV ISH+ patients were more likely to have poorly differentiated carcinoma (45% versus 19%, P = 0.075) ( Table 1 ). To account for the imbalances, these three variables were adjusted for in the regression models in addition to primary tumor status, weight loss in previous 6 months, treatment regimen and cell differentiation. More detailed information of HPV ISH/p16 status by primary tumor site is given in supplementary Table S1 , available at Annals of Oncology online. Overall, HPV ISH and p16 positivity were found mainly in oropharyngeal and hypopharyngeal primaries. However, the majority of oropharyngeal tumors were both HPV ISH and p16 negative. To evaluate whether the patient subset included in this analysis was representative of the whole patient population enrolled on the trials, baseline characteristics were examined between the selected subset and the patients enrolled on E1395 and E3301 but not included in analysis. Most baseline characteristics were comparable except that the proportion of female was higher in the selected subset (P = 0.041, supplementary Table S2 , available at Annals of Oncology online).
overall response HPV ISH-positive/p16-positive tumors had a greater response to chemotherapy with a response rate (RR) of 55% for HPV ISH-positive versus 19% for HPV ISH-negative (P = 0.022), and 50% for p16-positive versus 19% for p16-negative (P = 0.057) ( We previously reported prognostic factors in patients with recurrent/metastatic SCCHN [17] , such as primary tumor site, performance status, prior radiotherapy and cell differentiation, which were not found to be significant in our current models, possibly due to small sample size. On the other hand, HPV status as well as the presence of weight loss emerged as strong independent prognostic factors in these models. In our study, HPV-positive tumors were well represented among anatomic sites in addition to the oropharynx, in particular from the hypopharynx. Anatomic allocation has been previously reported to be inaccurate and this may have contributed to these findings [18] . However, p16-positive/HPV-positive SCCHN have been observed to occur at sites other than the oropharynx in studies of locally advanced SCCHN, and is associated with a favorable prognosis as well [5, 19] . Chung et al. [19] reported reduced prevalence of HPV-positive tumors compared with p16-positive tumors in non-oropharyngeal SCCHN, indicating that only a subset of these p16-positive tumors resulted from HPV infection. Although p16 may not be a reliable surrogate for oncogenic HPV infection outside of the oropharynx, by using a wide-spectrum probe, we found high concordance between HPV ISH and p16 IHC across all anatomic sites. Based on our findings, an appropriate strategy in this setting will be to test all primary sites for p16, possibly followed by confirmatory HPV testing for the p16-positive tumors. Our observations regarding the prognostic impact of HPV in the recurrent/metastatic clinical setting are consistent with findings from other similar analyses in locally advanced, potentially curable SCCHN. In a planned prospective analysis of the ECOG trial 2399, in which patients were treated with induction chemotherapy followed by chemoradiotherapy, tumors were analyzed for HPV16, 33 and 35 DNA by ISH in addition to multiplex PCR [20] . Among the 96 tumors tested, 38 were HPV-positive; this population was associated with a statistically significant improvement in PFS and OS. Subsequent studies have looked at prognostic models that incorporated HPV, smoking history and stage [8, 21] . There are emerging data regarding the outcome of patients with HPV-positive tumors in the recurrent/metastatic setting from the analysis of two randomized trials, 'SPECTRUM' and 'EXTREME'. The 'SPECTRUM' trial randomized patients with recurrent/metastatic SCCHN to a platinum doublet either with or without the fully humanized EGFR (epidermal growth factor receptor) inhibitor panitumumab [22] . The primary end point, OS, was not met. In a planned secondary analysis, available specimens (67%) were assayed for p16 [23] oropharynx. Among the patients who received chemotherapy only, there was a non-significant trend toward a survival benefit among the p16-positive patients (HR 0.70). Interestingly, improved survival was observed for patients with p16-negative tumors who received chemotherapy plus panitumumab (HR 0.73, P = 0.01) [5, 22] . The inclusion in the SPECTRUM analysis of p16-positive non-oropharyngeal cancers without confirmatory HPV results, i.e. utilizing the highly specific HPV ISH or a more sensitive assay, such as HPV E6/E7 mRNA expression, is a limitation of that analysis.
In a retrospective analysis of the 'EXTREME' trial [24] , which showed superiority of chemotherapy plus cetuximab over chemotherapy alone, HPV status was evaluated with p16 IHC [25] and also using an HPV ISH, amplification and fluorescence technique [26] . In contrast to the SPECTRUM trial data, a more widely accepted definition of p16-positivity was utilized. Tissue was available for analysis from 421 patients; 10% of patients were found to be p16-positive and, even less, 6% HPV-positive; only 56% of the p16-positive tumors were HPV-positive. Both p16-positive and p16-negative patients and HPV-positive and HPV-negative patients benefited from the addition of cetuximab. In addition, there were non-significant trends toward better OS for the p16-positive and HPV-positive patients [26] . The results of both the SPECTRUM and EXTREME data sets could in part be influenced by the use of EGFR inhibitor therapy, whereas our study examined the prognostic benefit of HPV in a population of patients naïve to EGFR inhibitor therapy, thus limiting the potential confounding effects of this targeted therapy [5] .
Our results demonstrate that the difference in natural history seen in the locally advanced setting between HPV-positive and HPV-negative tumors is also found in the recurrent/metastatic disease setting. There are several limitations of our analysis, including retrospective nature of the data, the selection of a subset of available tumors from the original trials and the small sample size. In addition, although concordance of p16-positivity and HPV ISH-positive tumor status suggest reliable HPV status assignment, our study did not utilize HPV16 E6/E7 mRNA expression, which has demonstrated improved sensitivity compared with HPV ISH [4] . Retrospective data are limited by the potential for selection bias. Except for the gender distribution, we found no difference in the baseline characteristics of the original study population and our subset. Tumors were analyzed based on tissue availability, rather than based on clinical factors. In spite of the small sample size, the magnitude of effect noted contributes to the significance of our findings, and illustrates that even a small number of HPV-positive recurrent/metastatic patients can impact the results of prospective therapeutic studies. Thus, additional studies should be performed to confirm our findings, which have significant implications for discussions of patient prognosis as well as for the design of clinical trials. Optimal testing strategies will be essential for reliable patient selection [27] . Given the epidemic of HPV-positive SCCHN, it is likely that upcoming studies for recurrent/metastatic disease will have increasing numbers of HPV-positive patients, possibly from oropharyngeal and non-oropharyngeal primary sites. Stratification will be important to avoid bias. Head and neck cancers which arise because of HPV infection have distinct biology and natural history, possibly opening up the possibility of different therapeutic approaches in the future. 
